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A B S T R A C T

Introduction: Although obesity and its impact on cardiovascular (CV) events have been extensively studied in the
cisgender population, little is known about its impact on CV events in transgender individuals. Our study aimed
to establish the prevalence of obesity and CV events in transgender adults.
Methods: We conducted a retrospective cohort comparative study utilizing the U.S. National Inpatient Sample
2020 database. We identified admissions of transgender patients with administrative codes. Later, these patients
were divided into obesity and non-obesity cohorts. Multivariable regression analysis was then performed for in-
hospital all-cause mortality, acute myocardial infarction, acute ischemic stroke, cardiac arrest, pulmonary em-
bolism and, major adverse cardiovascular and cerebrovascular events (MACCE).
Results: In 2020, 19,345 transgender patients were admitted; 16,390 (84.7 %) had no obesity, and 2,955 (15.3 %)
had obesity. The median age was 31 years in the non-obesity cohort and 37 years in the obesity cohort.
Transgender men comprised 54.5 % of the non-obesity cohort and 47.9 % of the obesity cohort. Common
baseline conditions in the non-obesity and obesity cohorts, respectively, included hypertension (20.7 % vs. 43.5
%), diabetes (10.2 % vs. 32.5 %), chronic pulmonary disease (18.9 % vs. 27.7 %), and hyperlipidemia (11.5 % vs.
25 %). MACCE was observed in 2.3 % of the non-obesity cohort compared to 5.4 % in the obesity cohort, and
cardiac arrest occurred in 0.2 % of the non-obesity cohort versus 1.2 % in the obesity cohort. A statistically
significant association was found in MACCE [odds ratio (OR) 2.1, 95 % confidence interval (CI) 1.24–3.55, p =

0.006] and cardiac arrest [OR 3.92, 95 % CI 1.11–12.63, p = 0.022] among transgender patients with obesity.
Conclusion: We observed increased odds of MACCE and cardiac arrest in transgender patients with obesity,
possibly due to obesity and CV risk factors like hypertension, diabetes, and hyperlipidemia. Further large-scale
comparative studies are needed to better understand obesity’s impact on CV outcomes in the transgender
population.
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1. Introduction

In recent years, understanding the health-related disparities associ-
ated with transgender care has gained increased recognition. The term
"transgender" encompasses individuals whose gender identities and ex-
pressions may differ from the sex they were assigned at birth [1].
Transgender people may undergo medical interventions such as hor-
mone therapy or gender-affirming surgery to align their physical char-
acteristics with their gender identity [1]. The estimated prevalence of
transgender individuals in the USA is approximately 0.5 % [2,3]. Given
that the prevalence of transgender population has been growing due to
increased visibility, acceptance, and understanding within the general
population, one area that warrants particular attention is the prevalence
and impact of obesity in this population. Obesity and its impact on
cardiovascular (CV) complications have been extensively studied in the
cisgender population. However, there is a notable gap in understanding
its implications for CV health within transgender communities. This
focus is underscored by the significant rise in obesity prevalence glob-
ally, nearly tripling between 1975 and 2016, as per the World Health
Organization (WHO) [4]. Through this study, we sought to establish the
prevalence of obesity and its impact on CV events in the transgender
population.

2. Methods

2.1. Source of the study

We conducted a retrospective cohort comparative study utilizing the
United States (US) National Inpatient Sample (NIS) 2020 database. NIS
is a part of the Healthcare Cost and Utilization Project (HCUP) and is the
most extensive US all-payer inpatient healthcare dataset that is available
to the public. It includes information on the discharge of 20 % of hos-
pitals from over 47 states. On average, there are 7 million discharges
yearly, which amounts to more than 35 million discharges nationwide.
Each NIS inpatient admission contains a primary diagnosis and up to 39
secondary discharge diagnoses. As the NIS has de-identified data, our
study did not require Institutional Review Board (IRB) approval. For
more information about the database, please visit the HCUP website
[https://hcup-us.ahrq.gov/nisoverview.jsp].

2.2. Study population

In the NIS database, we identified transgender adults using F64.x
(gender identity disorders) or Z87.890 (personal history of sex reas-
signment surgery) International Classification of Diseases, 10th Revi-
sion, Clinical Modification codes (ICD-10-CM). We formed two groups,
one composed of transgender adults without obesity and the other group
of transgender adults with obesity. We assessed baseline characteristics
like age, sex, race, median household income, payer; baseline medical
conditions such as hypertension, diabetes mellitus, hyperlipidemia,
prior myocardial infarction (MI), prior stroke/transient ischemic attack
(TIA), prior venous thromboembolism, peripheral vascular disease, to-
bacco use disorder, alcohol abuse, drug abuse, cocaine abuse, cannabis
use disorder, cancer, chronic kidney disease, depression, acquired im-
mune deficiency syndrome (AIDS), chronic pulmonary disease, and;
hospital-level characteristics such as an elective/non-elective admission,
region, location, and teaching status.

2.3. Study findings

Along with assessing the prevalence of obesity, the primary aim of
the study was to evaluate the prevalence of in-hospital CV events in
transgender adult patients with and without obesity. The CV events
examined included all-cause mortality, acute myocardial infarction
(AMI), cardiac arrest, acute ischemic stroke (AIS), pulmonary embolism
(PE), and major adverse cardiovascular and cerebrovascular events

(MACCE), which is a composite of all-cause mortality, AMI, cardiac
arrest, and AIS. The study also compared the two groups’ discharge
disposition, length of stay, and hospital costs.

2.4. Statistical analysis

We applied the discharge weight provided in the database to
generate the national estimates. Pearson Chi-square test for categorical
variables and Mann Whitney U for continuous variables were used to
compare the baseline demographics and hospital characteristics be-
tween the groups (with or without obesity) among transgender adult
hospitalizations. The categorical and continuous variables were
expressed in percentages and mean ± SD, respectively. A two-tailed p-
value of <0.05 was used to decide the statistical significance.

After regulating for age, sex, race, median household income, payer
type, length of stay, hospitalization cost, hospital location, teaching
status, hospital region, and all baseline medical conditions, a multivar-
iable regression model assessed the risk of all-cause mortality, AMI,
cardiac arrest, AIS, PE, and MACCE. We evaluated predictors of MACCE
by univariate analysis, and then clinically relevant variables were inte-
grated into the multivariable analysis. Adjusted odds ratio (OR), 95 %
confidence interval (CI), and p-values were considered to account for
logistic regression results. We utilized IBM SPSS Statistics 25.0 (IBM
Corp, Armonk, New York) software for all the statistical analyses.

3. Results

3.1. Patient-level demographics

According to the 2020 NIS, 19,345 transgender patients were
admitted to hospitals. Of those admitted, 16,390 (84.7 %) did not have
obesity, while 2,955 (15.3 %) had obesity. The median age of patients in
transgender adults without obesity is 31 years vs. 37 years in those with
obesity. Among transgender adults without obesity, 54.5 % were
transgender men, and 45.5 % were transgender women, whereas among
transgender adults with obesity, 47.9% were transgender men, and 52.1
% were transgender women. There were 66.6 % Whites, 18.3 % Blacks,
and 11.6 % Hispanics in the non-obesity cohort vs. 66.5 % Whites, 18.8
% Blacks, and 11.7 % Hispanics. For income groups, 29.6 % of both the
non-obesity and obesity cohorts were in the lower household income
bracket. 25.3 % of the non-obesity cohort compared to 27.9 % of the
obesity cohort represented the lower-middle income group. The middle-
income group had 23.2 % of the non-obesity cohort versus 25.5 % of the
obesity cohort. Finally, 21.9 % of the non-obesity cohort was in the
upper income group, whereas only 17.0 % of the obesity cohort fell into
this category [Table 1].

3.2. Hospital-level demographics

19.2 % of transgender adults without obesity had Medicare, vs. 27.5
% of transgender adults with obesity had Medicare compared to
Medicaid (39.2 % vs. 44 %), private insurance (35 % vs. 32.6 %), and
self-pay (6.3 % vs. 5.8 %). Non-elective admissions were less frequent in
transgender adults without obesity compared to transgender adults with
obesity (77.8 % vs. 81.6 %). Overall, most of the transgender patients
without and with obesity were admitted to urban-teaching hospitals (84
% vs. 79.2 %), then into urban non-teaching hospitals (11.4 % vs. 15.4
%), and lastly, in the rural setting (4.7 % vs. 5.4 %). Admissions were
almost equally distributed across regions for transgender adults without
and with obesity: West (27.4 % vs. 28.3 %), Midwest (23.1 % vs. 27.1
%), South (24.9 % vs. 23.5 %), Northeast (24.6 % vs. 21.2 %) [Table 1].

3.3. Baseline medical conditions

Overall, statistically prevalent baseline medical conditions among
transgender patients without and with obesity were as follows:
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Table 1
Baseline characteristics of hospitalized transgender adult patients, 2020.

Characteristics of Transgender adult patients Without Obesity 16,390
(84.7 %)

With Obesity 2,955
(15.3 %)

Total 19,345 (100
%)

p-value

Age in years at admission Median 31 37 32 <0.001
18–44 12350 (75.4 %) 1905 (64.5 %) 14255 (73.7 %)
45–64 2905 (17.7 %) 795 (26.9 %) 3700 (19.1 %)
>/ = 65 1135 (6.9 %) 255 (8.6 %) 1390 (7.2 %)

Gender Man 8375 (54.5 %) 1360 (47.9 %) 9735 (53.4 %) <0.001
Woman 7000 (45.5 %) 1480 (52.1 %) 8480 (46.6 %)

Race White 10030 (66.6 %) 1785 (66.5 %) 11815 (66.6 %) <0.001
Black 2760 (18.3 %) 505 (18.8 %) 3265 (18.4 %)
Hispanic 1740 (11.6 %) 315 (11.7 %) 2055 (11.6 %)
Asian/PI 395 (2.6 %) 40 (1.5 %) 435 (2.5 %)
Native Americans 130 (0.9 %) 40 (1.5 %) 170 (1.0 %)

Median household income national quartile for
patient ZIP code

0-25 (lower) 4525 (29.6 %) 810 (29.6 %) 5335 (29.6 %) <0.001
26-50 (lower-middle) 3875 (25.3 %) 765 (27.9 %) 4640 (25.7 %)
51-75 (middle) 3555 (23.2 %) 700 (25.5 %) 4255 (23.6 %)
76-100 (upper) 3350 (21.9 %) 465 (17.0 %) 3815 (21.1 %)

Payer type Medicare 3010 (19.2 %) 785 (27.5 %) 3795 (20.4 %) <0.001
Medicaid 6165 (39.2 %) 970 (34.0 %) 7135 (38.4 %)
Private 5495 (35 %) 930 (32.6 %) 6425 (34.6 %)
Self-pay 985 (6.3 %) 165 (5.8 %) 1150 (6.2 %)
No charge 55 (0.4 %) – 60 (0.3 %)

Elective Non-elective 12735 (77.8 %) 2410 (81.6 %) 15145 (88.4 %) <0.001
Elective 3625 (22.2 %) 545 (18.4 %) 4170 (21.6 %)

Hospital location and teaching status Rural 765 (4.7 %) 160 (5.4 %) 925 (4.8 %) <0.001
Urban non-teaching 1865 (11.4 %) 455 (15.4 %) 2320 (12.0 %)
Urban teaching 13760 (84.0 %) 2340 (79.2 %) 16100 (83.2 %)

Hospital region Northeast 4040 (24.6 %) 625 (21.2 %) 465 (24.1 %) <0.001
Midwest 3780 (23.1 %) 800 (27.1 %) 4580 (23.7 %)
South 4080 (24.9 %) 695 (23.5 %) 4775 (24.7 %)
West 4490 (27.4 %) 835 (28.3 %) 5325 (27.5 %)

Baseline medical conditions
Hypertension 3390 (20.7 %) 1285 (43.5 %) 4675 (24.2 %) <0.001
Diabetes Mellitus 1675 (10.2 %) 960 (32.5 %) 2635 (13.6 %) <0.001
Hyperlipidemia 1880 (11.5 %) 740 (25.0 %) 2620 (13.5 %) <0.001
Prior MI 335 (2.0 %) 105 (3.6 %) 440 (2.3 %) <0.001
Prior stroke/TIA 370 (2.3 %) 85 (2.9 %) 455 (2.4 %) 00.041
Prior venous thrombo-embolism 545 (3.3 %) 185 (6.3 %) 730 (3.8 %) <0.001
Peripheral vascular disease 265 (1.6 %) 40 (1.4 %) 305 (1.6 %) 00.290
Tobacco use disorder 3415 (20.8 %) 610 (20.6 %) 4025 (20.8 %) 00.812
Alcohol abuse 1365 (8.3 %) 200 (6.8 %) 1565 (8.1 %) 00.004
Drug abuse 2935 (17.9 %) 360 (12.2 %) 3295 (17.0 %) <0.001
Cocaine abuse 740 (4.5 %) 55 (1.9 %) 795 (4.1 %) <0.001
Cannabis use disorder 2570 (15.7 %) 325 (11.0 %) 2895 (15.0 %) <0.001
Cancer 485 (3.0 %) 110 (3.7 %) 595 (3.1 %) 00.027
Chronic kidney disease 930 (5.7 %) 360 (12.2 %) 1290 (6.7 %) <0.001
AIDS 1725 (10.5 %) 190 (6.4 %) 1915 (9.9 %) <0.001
Depression 3310 (20.2 %) 770 (26.1 %) 4080 (21.1 %) <0.001
Chronic pulmonary disease 3100 (18.9 %) 820 (27.7 %) 3920 (20.3 %) <0.001
Hypothyroidism 935 (5.7 %) 370 (12.5 %) 1305 (6.7 %) <0.001
Cardiovascular events
All-cause mortality 95 (0.6%) 45 (1.5 %) 140 (0.7 %) <0.001
Cardiac arrest 35 (0.2 %) 35 (1.2 %) 70 (0.4 %) <0.001
AMI 175 (1.1 %) 75 (2.5%) 250 (1.3 %) <0.001
AIS 100 (0.6%) 25 (0.8%) 125 (0.6 %) <0.001
MACCE 375 (2.3 %) 160 (5.4 %) 535 (2.8 %) <0.001
Disposition of the Patient Routine 13135 (80.6 %) 2175 (74.7 %) 15310 (79.7 %) <0.001

Transfer to a short-term
hospital

215 (1.3 %) 60 (2.1 %) 275 (1.4 %)

Transfer other: SNF, ICF 1320 (8.1 %) 305 (10.5 %) 1625 (8.5 %)
Home health care 955 (5.9 %) 325 (11.2 %) 1280 (6.7 %)
Against medical advice 665 (4.1 %) 45 (1.5 %) 710 (3.7 %)

Length of the stay (days), Median (IQR) 4 4 4 <0.001
Adjusted cost (USD), Median (IQR) 33670 37360 34083 <0.001

TIA: transient ischemic attack, VTE: venous thromboembolism, AIDS: acquired immunodeficiency syndrome, PI: pacific islander, MACCE: major adverse cardio-
vascular and cerebrovascular events, AMI: acute myocardial infarction, AIS: acute ischemic stroke, SNF: skilled nursing facility, ICF: intermediate care facility; USD:
United States dollar
“Sex” is referred as biologic female or male where as “gender” is referred to self-identification, socially constructed attitudes, roles, feelings, behaviors and personal
experience that may not aligned with the sex recorded at birth.
Obesity is defined as body mass index of 30 kg/m2 or greater.
All the other variables are based on administrative reporting in the National Inpatient Sample Database.
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hypertension (20.7 % vs. 43.5 %), diabetes mellitus (10.2 % vs. 32.5 %),
hyperlipidemia (11.5 % vs. 25 %), prior MI (2 % vs. 3.6 %), prior stroke/
TIA (2.3% vs. 2.9 %), prior venous thromboembolism (3.3 % vs. 6.3 %),
alcohol abuse (8.3 % vs. 6.8 %), drug abuse (17.9 % vs. 12.2 %), cocaine
abuse (4.5 % vs.1.9 %), cannabis use disorder (15.7 % vs.11 %), cancer
(3 % vs. 3.7 %), chronic kidney disease (5.7 % vs. 12.2 %), %), AIDS
(10.5 % vs 6.4 %), depression (20.1 % vs. 26.1 %), chronic pulmonary
disease (18.9 % vs. 27.7 %), and hypothyroidism (5.7 % vs. 12.5 %). The
non-statistically significant health conditions among transgender pa-
tients without and with obesity are peripheral vascular disease (1.6 %
vs.1.4 %) and tobacco use disorder (20.8 % vs. 20.6 %).

3.4. Prevalence of MACCE

In hospitalized transgender adults, the prevalence of MACCE was 2.3
% among those without obesity, while it was 5.4 % among the patients
with obesity. All-cause mortality among hospitalized transgender adult
patients without obesity was 0.6 %, while it was 1.5 % among those with
obesity. 1.1 % of those without obesity had AMI, and 2.5 % of those with
obesity had AMI. 0.2 % of the non-obesity cohort and 1.2 % of the
obesity cohort had a cardiac arrest. Among the non-obesity cohort, 0.6
% had AIS, while 0.8 % of the obesity cohort had AIS [Table 1]. A sta-
tistically significant association was observed on multivariable logistic
regression for MACCE [OR: 2.1, 95 % confidence interval (CI)
1.24–3.55, p = 0.006] and cardiac arrest (OR: 3.92, 95 % CI:
1.11–12.63, p = 0.022) among the obesity cohort of the transgender
population, with age being the important predictor of MACCE (OR: 1.04,
95 % CI: 1.01–1.07, P = 0.023). Surprisingly, no statistically significant
association was observed with in-hospital all-cause mortality (OR: 2.09,
95 % CI: 0.81–5.36, p = 0.127), AMI (OR: 1.82, 95 % CI: 0.85–3.93, p =

0.125), AIS (OR: 1.34, 95 % CI: 0.39–4.62, p= 0.638) and PE (OR: 2.18,
95 % CI: 0.83–5.72, p = 0.113) [Table 2].

3.5. Discharge destination, hospital duration, and financial impact

Most of the patients from both non-obesity and obesity cohorts were
discharged routinely (80.6 % vs. 74.7 %), followed by transfer to other
centers like skilled nursing facilities, intermediate care facilities, etc.
(8.1 % vs.10.5 %), home health care (5.9% vs. 11.2 %), against medical
advice (4.1 %. vs. 1.5 %), transfer to a short-term hospital (1.3 % vs. 2.1
%). The median length of the hospital stay among non-obesity and
obesity patients was four days, while it was three days among non-MHO
patients. The median hospital costs among the non-obesity cohort were
33,670 USD, while it was 37,360 USD among the obesity cohort
[Table 1].

4. Discussion

In this real-world analysis regarding prevalence and impact of
obesity in the transgender population, we found several key findings: 1)
the prevalence of obesity among the transgender population is 15.3 %

among inpatient admissions; 2) we found that transgender populations
with obesity are at increased odds of MACCE by at least two times and
cardiac arrest by at least four times when compared to transgender pa-
tients without obesity; 3) in addition, we also found that age is an
important predictor of MACCE among transgender patients with obesity.
To the best of our knowledge, there are no previous studies that dis-
cussed the impact of obesity on CV events in the transgender population.

According to a study by Brown et al. in veterans, transgender patients
are at increased odds of obesity by 1.58 times when compared to cis-
gender patients [5]. In another study by Dragon et al. in veterans, the
prevalence of obesity is 31.3 % among transgender adults compared to
17.2 % among cisgender peers [6]. In our study, the prevalence of
obesity among transgender adults admitted to hospitals is 15.3 %. The
higher prevalence of obesity among transgender patients noted in the
previous studies is likely multifactorial. Firstly, gender-affirming hor-
mone treatment causes an increase in body weight; while testosterone
increases muscle mass, estrogens, together with antiandrogens, increase
fat mass, as per existing literature [7,8]. Second, when it comes to eating
habits and exercise, as per one study, transgender adults have eating
disorders, including binging, when compared to their cisgender peers,
and per one study, transgender youth are less likely to exercise, which
could be the reason why obesity is more prevalent in transgender adults
[9,10]. Third, the increased burden of mental health disorders and
gender minority stress keeps transgender adults away from engaging in
healthful behaviors such as accessing insurance and healthcare,
including medications like glucagon-like peptide-1 receptor agonists
when compared to cisgender, which can increase the prevalence of
obesity [11–13].

As with the cisgender population, we observed that obesity increases
MACCE and cardiac arrest in transgender patients as well [14,15]. This
association can be attributed to multiple factors. According to existing
literature, obesity is a well-established risk factor for CV events, both
directly and indirectly [14,15]. Obesity directly contributes to CV events
by increasing systemic and vascular inflammation, which leads to
endothelial dysfunction and the development of atherosclerotic lesions
[16,17]. Indirectly, obesity promotes the development of CV risk factors
such as hypertension, diabetes mellitus, and hyperlipidemia, all of
which are known to elevate the risk of MACCE and cardiac arrest [14,15,
18,19]. In our study, these risk factors were significantly more prevalent
among patients with obesity compared to those without, underscoring
the link between obesity-increased CV risk factors and events in trans-
gender patients. Moreover, transgender adults face a higher burden of
mental health disorders, and obesity can exacerbate psychological
stress, depression, and anxiety. These mental health conditions can
affect treatment adherence and lifestyle modifications, potentially
causing CV events [11–13,20–22]. Similar to existing evidence, we
found that depression was more prevalent among transgender patients
with obesity, which could be one of the reasons why CV events are more
prevalent in this group compared to those without obesity. Other med-
ical conditions like chronic pulmonary disease and hypothyroidism,
which are associated with severe CV events, are highly prevalent in

Table 2
Multivariable logistic regression odds of cardiovascular events among hospitalized transgender adults with obesity.

Cardiovascular events among hospitalized transgender adults with obesity Odds ratio Lower limit of CI Upper limit of CI P- Value

MACCE 2.10 1.24 3.55 0.006
All-cause mortality 2.09 0.81 5.36 0.127
AMI 1.82 0.85 3.93 0.125
Cardiac arrest 3.92 1.22 12.63 0.0220
AIS 1.34 0.39 4.62 0.638
Pulmonary embolism 2.18 0.83 5.72 0.113

Multivariable regression models were adjusted for age, gender, race, income quartile, payer type, hypertension, diabetes, hyperlipidemia, peripheral vascular disease,
tobacco use disorder, prior MI, prior TIA/stroke, prior VTE, cancer, chronic kidney disease, AIDS, alcohol abuse, drug abuse, depression.
TIA: transient ischemic attack, VTE: venous thromboembolism, AIDS: acquired immunodeficiency syndrome, MACCE: major adverse cardiovascular and cerebro-
vascular events, AMI: acute myocardial infarction, AIS: acute ischemic stroke.
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transgender patients with obesity in our study [23,24]. Additionally,
individuals with obesity may experience reduced physical activity due
to impaired mobility, which lowers energy expenditure and creates a
vicious cycle of weight gain and escalating CV risk [25].

We also found that, like in cisgender adults with obesity, where age is
an established nonmodifiable risk factor for CV events, we identified
that age is an important predictor of MACCE events in transgender
adults with obesity [26]. Nevertheless, it is noteworthy that, although
our study found obesity to be associated with an increased risk of
MACCE and cardiac arrest in the transgender population when
compared to patients with no obesity, no significant association was
observed between obesity and in-hospital all-cause mortality, AMI, AIS,
or PE. These findings contrast with previous studies on obesity, which,
although not differentiated between cisgender and transgender pop-
ulations, revealed an increased risk for these CV events as well [14–17].

5. Limitations

Our study must be interpreted considering its limitations. Given the
use of an inpatient registryin our study, findings are limited to in-
hospital events. Due to its retrospective nature, we were restricted to a
homogeneous sample of hospitalized, mostly white patients, affecting
our findings’ generalizability. The retrospective design also limits our
ability to establish causal relationships despite offering valuable insights
into the intersection of obesity, transgender identity, and in-hospital CV
events. Additionally, we could not explore how social determinants of
health impact outcomes in this population. We could not establish mean
body mass index (BMI) due to the unavailability of specific BMI cate-
gories. Moreover, as our study relied on ICD-10 codes to extract the
study population, it may not fully capture the transgender population
due to potential underreporting or over-reporting.

6. Conclusion

In this large population study, we found an increased risk of MACCE
and cardiac arrest among transgender patients with obesity when
compared to those without obesity. This elevated risk may be attributed
to obesity and other CV risk factors like hypertension, type 2 diabetes
mellitus, and hyperlipidemia. However, no association was found be-
tween obesity and in-hospital mortality, AMI, AIS, and PE in transgender
patients. Given the limited research focusing specifically on CV health in
transgender adults with obesity, further studies are needed to clarify
these findings and inform better care strategies for this population.
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